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A STUDY OF THE ACTION OF CHYMOTRYPSIN ON THE SKIN*
A. SCOTT, M.D.
Since Medawar's original study of the effect
of trypsin on skin, much attention has been
centered upon the action of this, and related
proteolytic enzymes. Experimentally, there is
evidence linking proteases with the initial phases
of inflammation; clinically, there are many
theories associating these enzymes with such
diseases as pemphigus and dermatitis herpeti-
formis.
Chymotrypsin, the enzyme selected for this
study, is one of the group of endopeptidases
which also includes trypsin and pepsin. Unlike
the latter however, chymotrypsin attacks the
carboxyl groups of aromatic amino acids in order
to digest the protein. Its optimum pH is in the
region of 6.8 at body temperature. The electro-
lytes sodium, calcium, potassium, and mag-
nesium catalyze its action.
This present investigation was undertaken for
three reasons:
1) To establish a dependable experimental
method of using chymotrypsin to alter the struc-
ture of skin in. vitro.
2) To study the mode of action of the enzyme
on skin.
3) To observe any alteration in the enzymatic
effect following the use of a steroid—hydro-
cortisone.
METFIOD
1) 50 normal volunteers were tested, using the
skin of the forearm in each case. Biopsy specimens
were taken with a punch biopsy, which gave a
fragment of skin measuring 5 mm. in diameter, and
2 mm. in thickness.
2) Chymotrypsinf was made up in solutions of
saline (N) and of Ringer's solution. In the case of
the former, the strength of enzyme was 1.0 mg./
ml.; in the latter, the concentrations were 5.0 mg,
2.5 mg., 1.0 mg., and 0.5 mg./ml. of solvent.
3) Four series of experiments were carried out:
a) Chymotrypsin in saline was injected intra-
dermally in 0.1 ml. quantities, followed by biopsy
of the site in 5 minutes and 30 minutes time. b)
Biopsy specimens of normal skin were frozen-
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sectioned, and treated with chymotrypsin in Ring-
er's solution, after positioning on slides. c) Whole
tissue fragments were placed directly into a saline
solution of chymotrypsin, and incubated for 75
minutes at 37°C. Control biopsies were incubated
in saline solution alone. d) Whole tissue fragments
were placed directly into chymotrypsin in Ringer's
solution, and incubated as described above.
Control preparations were incubated at the same
time in Ringer's solution alone.
After incubation in the latter two methods, the
tissue was fixed, frozen-sectioned, and stained.
4). Staining was done in each case using the
routine hemotoxylin and eosin method to demon-
strate tissue structure, and the periodic acid-
Schiff stain to study the appearance of free
aldehyde groups in protein, indicative of depoly-
merization.
5) Using method d), a comparison was made of
the effects of the four listed concentrations of
chymotrypsin on separate biopsy specimens from
the same group of patients.
6) In order to observe the alterations in enzy-
matic effect achieved by hydrocortisone, this lat-
ter steroid was applied externally as an ointment
of 1% strength in an 01W base, four hours prior
to the biopsy. The ointment was removed using
ether and water, 2 hour before the experiment.
Control sites were treated by the application of
the ointment base alone under the same conditions.
After biopsy, treatment with chymotrypsin was
performed as in method d).
RESULTS
1) To Establish a Method for the Use of
Chymotrypsin.
a) Examination of specimens of skin which had
received a prior injection of chymotrypsin showed
no immediate alteration in staining reactions.
However, in tissue removed one half hour after
the injection, the intercellular substance of the
dermis stained more deeply than normal with
the Schiff reagent. No structural alteration in the
tissue was observed.
b) Exposure of mounted sections of tissue to
the enzyme resulted in a variable effect, which
was too undependable for use.
c) Similarly, the action of chymotrypsin in
saline solution proved too variable for repro-
ducibility.
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d) Whole tissue biopsy specimens placed direc-
tly into Ringer's solution with concentrations of
0.5 to 5.0 mg. of chymotrypsin per ml. of solvent
resulted in reproducible alterations in structure
and staining.
2) The Effects of Chymotrypsin on Skin
Biopsies exposed under the Conditions Outlined
in Method D) (Table I).
By study of sections stained with hemotoxylin
and eosin, and with P.A.S. stain, a series of stages
of chymotrypsin effect could be recognized:
® o visible alteration
® The appearance of suprabasal clefts between
the basal and prickle-cell layers of the epidermis,
with a heavy Schiff-positive stain in the inter-
cellular material of the epidermis (Fig. 1).
® Complete separation of the epidermis and
dermis. Initially this line of cleavage continued
from that established in stage 2, but in areas
TABLE I
The protective action of hydrocortisone against
chymotrypsin in varying concentrations
Concentration
of
Chymotrypsin(mg/mi.)
No. of
Cases
Degree of Protection
Complete Partial Absent
5.0 10 0 8 2
2.5 10 1 9 0
1.0 40 13 17 10
0.5 10 9 1 0
where the rete pegs projected deeply, the line of
separation was pursued in the basement mem-
brane between epidermis and dermis. The basal
cells in most other sites were adherent to the
dermal fragment, with some Schiff-positive
stained spinous processes projecting between
them. The epidermal portion remained intact,
but poorly stained.
® Cellular structure lost from the epidermal
fragment. The basal cells attached to the dermis
were destroyed, and the intercellular substance
of the dermis stained very deeply with the
P.A.S. stain.
® Complete solution of the epidermal frag-
ment, disturbance of the fibrous structure of the
dermis, with random clumps of nuclei throughout.
Intercellular substance had lost its stain.
® Complete dissolution of tissue with no
recognizable structure remaining. The quality of
differential staining was lost.
These stages were observed, not in relation to
the duration of the tissue exposure to the action
of the enzyme, but correlated to the concentra-
tion of the enzyme in the incubating solution.
Concentrations of 1.0 mg. of chymotrypsin
served, in 75% of the tests, to remove the
epidermis from dermis without serious distortion
of the structure of either fragment. A few cases—
12%—showed tissue destruction. With higher
concentrations of enzyme (5.0 mg.) a more rapid
separation of the two layers occurred, with an
Fia. 1. X 65. Photograph shows suprabasal elefting in the epidermis of a skin biopsy incubated in
Ringer's solution containing 0.5 mg. of chymotrypsin per ml. solvent. Note that the basal cells are
in most areas still adherent to dermis.
•
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FIG. 2. )< 65. Photograph shows the separation of epidermis from dermis achieved by 1.0 mg. of
chymotrypsin/mi. Ringer's solution. Note that there has been no destruction of the elements of either
fragment.
FIG. 3. X 65. Photograph of a skin biopsy which had been pretreated with hydrocortisone prior to
its excision and incubation with 1 .0 mg. chymotrypsin solution. Compare with Fig. 2, the same patient.
almost simultaneous destruction of both frag-
ments. Dilutions greater than 1.0 mg. of enzyme
caused, in half the cases, suprabasal clefting only,
while 20% had no visible effect on the incubated
tissue. Exposure of the control skin biopsy speci-
mens in solvent alone for the same length of time
as the test ones did not result in any structural
alteration. Longer periods, i.e., 4 hours or more,
0• i *.1-C
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TABLE II
The effect of chymotrypsin on skin biopsies (the
number of biopsies showing each effect)
Stage of Enzyme
Action
Concentration of Enzyme
(mg/mi. solvent)
3.0 2.3 1.0 0.3
119 0 0 0 2
(.19 0 0 6 4
® 0 0 11 4
® 2 6 18 0
11) 4 2 4 0
® 6 0 1 0
Total no. of
eases 12 8 40 10
PROTECTIVE ACTION OF
HYDROCORTISONE AGAINST
10 mgjmL CONCENTRATION of ENZYME
DISCUSSION
1. The Method
From our results it would seem that the most
dependable method of employing chymotrypsin
for the separation of dermis from epidermis is
that using a solution of the enzyme in Ringer's
solution, incubating in this the whole tissue
biopsy for a period of about 1 hour. The shortness
of the incubation time ensures that the greater
part of the resultant effect is due to the enzyme
and not to the mere suspension of the tissue in an
electrolyte solution.
The optimum concentration of the enzyme
necessary to obtain the separation without undue
distortion of the various elements was approx-
imately 1 mg. of chymotrypsin per 1 ml. of
solvent, with a range of 0.8 to 1.2 mg/ml. Even
within these limits there was still some vari-
ability in the effects achieved, not accountable
for on the basis of technique alone. There was
some suggestion that at least part of this vari-
ability was due to the age differences in the
patients studied; the older ones showing a greater
natural protection against the inroads of the
enzyme.
2. The Action of Chymotrypsin
Fse. 4
were capable of producing a dermal-epidermal
separation without the introduction of the
enzyme (Fig. 2 and 3).
3) The Effect of Hydrocortisone on the Action
of Chymotrypsin using Method (d).
Pretreatment of the skin with this steroid as a
local application prior to biopsy afforded a certain
degree of protection against the action of chymo-
trypsin. With 5.0 mg. of enzyme, no tissue was
completely protected by the hydroeortisone,
but 8 of the 10 tests showed partial protection.
Using a strength of 1.0 mg/ml. of solvent, the
ehymotrypsin effect was completely prevented
in 31% of tests, and partially prevented in 41%.
Those eases which showed little or no protective
action from the steroid were retested using 0.5
mg. of enzyme; all but 1 were completely pro-
tected against the effect of the ehymotrypsin
(Table II) (Fig. 4).
As has been outlined in our results, the earliest
effect observed with ehymotrypsin was a dis-
solution not of the material binding epidermis to
dermis, but of the intercellular substance be-
tween the basal and prickle-cell layers of the
epidermis itself. The cells of the former layer
remained adherent to the dermal portion except
where the rete pegs dipped into the superficial
eorium. The next stage of enzyme action only
initially produced a continuation of the intraepi-
dermal line of separation, but a true cleavage
between epidermis and dermis rapidly followed,
associated with a deep Sehiff—positive stain in
the basement membrane. The first evidence of
an enzyme effect upon the dermis—a deeper
Sehiff stain in its intercellular substance—was
not observed until after epidermal separation
could be achieved through a sufficient concentra-
tion of the enzyme. All subsequent ehymotrypsin
action was directed toward the ground substance
of the dermis, with final destruction of cell
structure and disruption of fibres. This sequence
of events suggests that the action of ehymo-
trypsin is not directed toward intracellular
material, but is primarily effective against the
H
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intercellular substance, mainly the homogeneous
ground substance. Since the initial layer of sepa-
ration was within the epidermis, we are not ob-
serving merely the digestion of elastin but the
digestion of the ground substance, although with
greater strengths of enzyme it is possible that
elastin is digested as well. The dermal reaction
which is observed is again primarily concerned
with alteration in the intercellular ground sub-
stance, and only with the use of high concentra-
tions of enzyme was the fibrous structure dis-
turbed.
The ground substance of intercellular material
has been the subject of intensive investigation by
Gersh and Catchpole, who showed it to consist of
a protein fibrillar framework, in the interstices
of which was a glycoprotein, usually completely
polymerized. This state of polymerization was
not fixed; the substance was in a constant state
of flux, varying from sol to gel, in altering
degrees of polymerization. Thus that portion of
ground substance serving as a basement mem-
brane around blood vessels, between epidermis
and dermis, and even between cells, was in a more
concentrated, and partially depolymerized state.
The process of depolymerization resulted in the
exposure of a greater number of reactive groups.
It is on the basis of this last feature that these
investigators hypothesized a direct relation be-
tween the state of polymerization and the degree
of permeability of intercellular ground sub-
stance, since the freed reactive groups provide a
mechanism of transfer of locally concentrated
chemicals. Such a correlation has been demon-
strated using Evan's blue dye.
It might be suggested that the early effect of
chymotrypsin on the epidermal ground substance
is due to the existent partially depolymerized
state of this material. The almost completely
polymerized intercellular substance of the
dermis was not affected by the enzyme unless the
latter were present in high concentrations. From
such a conclusion one might further deduce that
in disorders such as pemphigus and dermatitis
herpetiformis, proteolytic action results in the
histologic separation of layers characteristic of
these diseases, the only difference between them
being the relative strength of the protease con-
cerned.
3. The Effect of Hydrocortisone on the Action
of Chymotrypsin
The basic mechanism of steroid action has not
yet been demonstrated. One of its actions, how-
ever, is that of decreasing the permeability of
ground substance, both in connective tissue and
in blood vessel walls. It seems likely that in this
experimental situation, the inhibition of chymo-
trypsin action achieved by hydrocortisone was
produced by this ability to alter connective tissue
permeability, possibly by enzymatic action at
the bond sites attacked by that enzyme.
CONCLUSIONS
1. Chymotrypsin may be used, in concentra-
tions of 0.1% in Ringer's solution, as a dependable
means of achieving dermo-epidermal separation
without destruction of either fragment. An in-
cubation time limited to 1 hour eliminates the
effects of electrolyte solutions alone.
2. The action of this enzyme under these
experimental conditions is mainly directed to-
ward the digestion of ground substance, at first
within the epidermis between the basal and
prickle-cell layers, later in the basement mem-
brane between dermis and epidermis, and finally
in the connective tissue of the dermis.
3. The state of partial depolymerization, char-
acteristic of the ground substance in the epidermis
and in the basement membrane facilitates this
effect.
4. The protective action of hydrocortisone
against the effect of chymotrypsin on skin in
vitro appears to be asserted through its ability
to decrease connective tissue ground substance
permeability.
SUMMARY
1. A method has been constructed for the use
of chymotrypsin in the separation of epidermis
and dermis, and the optimal concentration of
enzyme for this effect has been established.
2. The possible mechanism of chymotrypsin
action has been worked out, and a means of in-
hibiting this effect through the prior use of
hydrocortisone has been described.
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